
by QC software. Qualitative review of the data was always performed by a trained meteorologist who was
thoroughly familiar with both the measurement systems and the meteorological patterns that were expected
to be revealed in the data.

Processing of the Rawinsonde Data

At the conclusion of each sounding, the upper air operators made two back-up copies of the
sounding data on floppy diskettes. The operators also completed a sounding log form, which was used to
document information necessary to complete the processing of the data. At the conclusion of each lOP. one
copy of the data and the sounding log was transferred to the field operations center in Waukegan. The
second copy remained at the site for the duration of the field study.

Receipt of the data at the operations center was recorded on a chain-of-custodyjquality control
(COCjQC) form. The date the data were received and the initials of the person logging the data into the
upper air data base (usually STI's rawinsonde data manager) were recorded on the form. The data rues
were then copied to a data processing computer and a new back-up copy was made before further processing
was performed. The copies of the sounding logs and COCjQC forms were placed in a data processing log
book. A separate log book was maintained for each site.

Before Level 1 validation of the data was performed, the sounding data were converted to a
common data format (CDF). The CDF included fields for elapsed time, altitude, pressure, temperature,
relative humidity, dew point temperature, wind height, wind direction, wind speed, and "place holders" for the
quality control flags that would be assigned to each variable when the Level 1 review of the data was
completed. Adjustments were made to reported pressures and altitudes as needed, based on the calibrations
of the station barometers that were made before and after each lOP. Additional processing was required for
the ozone sounding data, using software provided by VIZ. The VIZ software computed ozone
concentrations, reported as parts per billion (ppb), as a function of altitude using the measured pressure,
temperature, pump flow rate, and electrical current generated by the ECC ozonesonde. .

The next step in the data processing was to use an STI software package to screen the soundings for
outliers and rates-of-change that exceeded expected conditions. The software that performed this task
generated a list of the data points that had failed to pass the QC screening checks specified in the program.
A plot of each sounding was also produced to aid the meteorologist who would perform the fmal review of
the data.

Once the software screening of the data was completed, a trained meteo,,)logist reviewed each
sounding. Based on his or her experience and using the results of the QC scre.'-ning program and the plot of
the sounding data, the reviewer assigned final quality control flags to each data point in a sounding. The
following QC flags were used:

o Valid data
1 Estimated data
2-6 Not used
7 Suspect data
8 Invalid data
9 Missing data

The meaning of these QC indicators was as follows:

> Valid data (QC flag = 0) were observations that were judged accurate within the performance limits
of the instruments.
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> Estimated data (QC flag = 1) were observations that required additional processing because the
original values were suspect, invalid, or missing. Estimated data were computed from standard
upper air algorithms, from patterns or trends in the data (e.g., interpolation), or they were based on
the meteorological judgement of the reviewer.

> Suspect data (QC flag = 7) were observations that, in the judgement of the reviewer, were in error
because their values violated reasonable physical criteria or did not exhibit reasonable consistency,
but a specific cause of the problem was not identified (e.g., excessive wind shear in an adiabatic
boundary layer).

> Invalid data (QC flag = 8) were observations that were judged inaccurate or in error, and the cause
of the inaccuracy or error was known (e.g., winds computed from erroneous Loran data). In
addition to the QC flag signifying the data as invalid, the data values themselves were replaced with
an invalid data indicator (-980.0)

> Missing data (QC flag = 9) were observations not collected; in addition to a QC flag signifying
missing data, the data values themselves were assigned a missing value indicator (-999.0).

Quality control flags were assigned to derived parameters (e.g., altitude, dew point, wind speed, wind
direction) based on the "worst case" QC flags assigned to the observations used to calculate the derived
variables. For example, if a "valid" temperature measurement (QC flag = 0) but a "suspect" pressure
observation (QC flag = 7) were used to calculate an altitude, the QC flag assigned to the altitude variable
signified that it too was "suspect" (QC flag = 7).

The use of the QC flags identifying data as estimated (QC flag = 1) was generally confined to the
so-called "v.ind height", which refers to the mid-point of the layer over which the winds were averaged. Due
to a "bug" in VIZ's data acquisition software, many of these heights were erroneous (the ....ind data were not
affected by this problem). New \\ind heights were computed by interpolating the balloon altitude data over
15 second intervals (the wind averaging interval; see Table 3). The new ....ind heights were accurate to ....ithin
2 to 5 meters, depending on the ascent rate of the balloon.

At each step during the data processing, a back-up was made of each version of the data. Likev.ise,
all the data processing activities and the results of the validation process were documented in the COCjQC
log maintained for each sounding. The majority of tbe efforts in tbe Level 1 validation of the rawinsonde
data collected during the two lOPs was completed before the end of the field study. Some additional
processing and a final re\iew of the data was performed at STI before the data were delivered to the LMOS
Data Manager. The final processing and review of the ozone sounding data was completed late in the Fall
of 1991.

Processing of the Radar Profiler Data

The steps in the processing of the radar profUer and RASS data were similar to tbose described in
the pre\ious section, except that the majority of the work to complete the data processing and validation was
performed after the field study.

Early in the morning of each day of the field study, the network hub computer at the operations
center polled the profilers and down-loaded the pre\ious 24 hours of wind and temperature data. Software
running on the hub computer automatically plotted time-height cross-sections of the data and generated a list
of the data received. A field technician examined the data later in the morning and reported any apparent
problems to a field engineer, who would perform any corrective actions required. A copy of the data plots
was also sent each morning \ia facsimile to STI's radar profiler data manager in Santa Rosa for review.

10
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As mentioned previously, the technician visited each profJler site routinely and made back-ups of the
data. The technician prepared a second back-up at the operations center. One copy of the data, along with
appropriate quality control documentation, was then sent to ST!. When the data were received in Santa
Rosa, they were logged into the radar profJler data base by the data manager. A COC/QC form was
prepared for each day's data. These forms were maintained in site logs at ST!.

As was the case for the rawinsonde data, the fltst step in the Level 1 validation of the profJler data
was to convert the observations to a common data format. The radar profJler CDF included fields for time,
altitude, wind speed, wind direction, and "place holders" for the quality control flags that would be assigned
to each variable when the Levell review of the data was completed. A separate set of data fJles with their
own CDF was generated for the RASS data.

The next step was to subject the data to a QC screening software package that was originally
developed by researchers at NOAA/ERL/WPL and subsequently modified by STI for application to the
lAP-3000 data9

• Referred to as the Weber-Wuertz (W-W) editor, this program used pattern recognition
techniques to check for spatial and temporal consistency in the data and to flag apparent outliers in the data.
After the data bad been processed by tbe WoW editor, a new set of time-heigbt cross-section plots of the
data was prepared. The data were then reviewed by the data manager, who was a trained meteorologist
thoroughly familiar with profJJer principles and operations.

Based on the fmal review of the lAP-3000 data, QC codes were assigned to each data point by the
reviewer. The same codes previously described for the rawinsonde data were used for the radar profller
wind and temperature data. Each step in the processing and review of the data was documented. Due to
time and budget constraints, data coUected during the lOPs and one other period (June 18-21, 1991) were
brought to Levell validation. The remaining data were converted to the CDF, screened by the WOW editor,
and reviewed by the data manager, but the degree of this review was not as complete as one would normally
perform for fuU Levell validation. At the conclusion.of this process, all of the data in their final CDF were
delivered to the LMOS Data Manager.

EXAMPLES OF PRELIMINARY ANALYSES OF THE UPPER AIR DATA

One of the fIrst steps in the analyses of the LMOS upper air data is to continue the validation of the
observations \ia the application of Level 2 review techniques. For the upper air data bases, Level 2
validation involves examining the spatial and temporal consistency of the rawinsonde and radar profller data
both separately and jointly. In the course of appl)ing Level 2 techniques to the data, conditions are often
discovered that lead to improved understanding of the meteorological mechanisms affecting air quality
conditions.

One such analysis of the upper air data is shown in Figure 2, which is an isentropic analysis showing
a time-height cross-section of potential temperature and winds measured by the Zion 2-Mile rawinsonde
station during the second lOP (July 16-18, 1991). Plots of this type were prepared from each station's data
to examine the temporal consistency of the ra\\insonde observations.

An unusual event appeared to be revealed by this analysis beginning at approximately 0300 COT on
July 17, 1991 and continuing until approximately 1500 COT later that same day. The isentropes (isopleths of
constant potential temperature) indicated that rapid cooling occurred in a mid-level layer from approximately
3500 m msl to 4500 m msl beginning at 0300 COT on July 17. A similar cooling pattern appeared in the
lower levels (approximately 700 m msl to 2500 m msl) beginning 3 hours later. Abrupt warming then
apparently occurred in the mid-level layer between 0900 COT and 1200 COT; likewise, the lower layer
appeared to experience comparable warming between 1200 COT and 1500 COT. The isentropes also
indicated that the inversion capping the mixed layer descended from approximately 1400 m agl at 1500 COT
on July 16 to approximately 400·500 magi by 0600 COT July 17, when the rapid cooling in the lower layers
began.
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The wind promes showed that southwesterly winds in the mixed layer on July 16 gave way to
westerly to northwesterly winds on July 17. At 1200 COT on July 17, winds from the north-northeast
appeared in a layer from roughly 400 m agl to 1200 magI, accompanying the cooling of the lower levels.
However, by 1500 COT, winds from the southwest were again observed in the lower levels, whieb coincided
with the rapid warming of this layer. Above the mixed layer, winds were westerly most of July 16, but they
became northerly to northwesterly beginning late on July 16 and continuing through July 17.

At fIrst glance, the unusual conditions revealed by the isentropic analyses suggested that there might
have been a problem in the pressure, temperature, and/or altitude data in one or more of the ZIO
soundings taken on July 17. The northeasterly winds below 1200 m msl in the 1200 COT sounding also
seemed inconsistent when compared to conditions observed in previous and later soundings. However, the
analyses of the data from all six remaining rawinsonde stations indicated that the event captured in the ZIO
observations was indeed real and not the result of instrument or operator error. Given the 3-hour sampling
interval in the rawinsonde data base, this event appeared to have occurred at about the same time at all the
stations except Kankakee, located on the southern end of the network, where the event was delayed by
several hours and much weaker. Even the Muskegon analysis showed that similar patterns occurred at about
the same time on the east side of Lake Michigan as at the other stations.

In an attempt to explain this phenomenon, we examined satellite imagery, surface and upper air
charts, and the rawinsonde and radar promer data collected by the upper air network during this period.
The satellite imagery showed that a mesoscale convective system (MCS) had formed over northern
Wisconsin and Michigan on the night of July 16 and early morning of July 17. The rapid cooling in the layer
between 2500 m msl and 4500 m msl early on July 17 occurred when the outflow from this storm system
advected cool, moist air southward into the study region at mid-levels. The outflow from the MCS also
apparently triggered the formation of a weak convergence zone along the southern edge of the main storm
complex, along which convective activity subsequently formed.

By 0700 COT on July 17, the convection had organized into a weak squall line on the southern flank
of the storm, which was rapidly approaching the Grafton-Slinger area. Thunderstorms were reported in the
area as this system moved southward into the study region. At the same time, a weakly-organized band of
convective clouds had formed farther southward, along a line oriented along the Wisconsin-Illinois border,
extending eastward toward the Mid-Lake Boat upper air station, then northeastward toward Muskegon. The
0900 COT satellite image showed that the cirrus shield from the MCS had spread southward to the
Wisconsin-Illinois border and indicated that the squall line was moving southward toward the Zion area. By
1000 COT, the cirrus shield obscured northeastern Illinois, but the squall line appeared to have overtaken
and merged with the band of weak convection. In the 1100 COT satellite image the cirrus shield had largely
dissipated, revealing that the line of convective activity was by then defInitely south of the Zion area,
extending through the Chicago area and across the lower end of Lake Michigan.

Figure 3 shows the 400 m mode profiler data from Zion Shoreline on July 17, 1991. The promer
data pro\ided more detail of the evolution of the flows that accompanied this event. The mid-level outflow
from the MCS is evident in the northerly winds observed from midnight until 0500 COT between 2.5 km and
4 km. The passage of the squall line is seen in the low-level data between 0800 COT and 1200 COT, when
the winds veered from westerly at 0800 COT to northwesterly at 0900 COT to northeasterly by 1100 COT.
These wind patterns are in good agreement with those observed by the Zion 2-Mile rawinsonde station. The
onset of the northerly flow observed by the ZIS promer coincided with the rapid cooling of the lower-levels
between 0600 COT and 0900 COT shown in Figure 2. Likewise, the return to southwesterly winds at 1300
COT coincided v.ith the period of rapid warming in the lower levels shown in Figure 2.

The ZIO isentropic analysis indicates that a mesohigh formed over the Zion area as the storm
system passed. This conclusion is supported by the anticyclonic wind patterns evident in the promer data
below 2 km from 0900 COT 10 1200 COT and by a 2 mb pressure rise reported at ZIO from 0600 COT to
0900 COT, which was accompanied by a nearly 3°C decrease in temperature at 1 km. Its interesting to nole
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that between the 1200 COT and 1500 COT ZIO soundings, the pressure dropped nearly 3 mb at ZIO, while
the temperature at 1 km increased more than 4SC, suggesting that the mesohigh dissipated quickly.

Figure 4 shows the ozone profUes measured by the Mid-Lake Boat from 1800 COT on July 16, 1991
through 1800 COT on July 17, 1991. Although the data below 800 m msl are missing in the 0300 COT
sounding, the concentrations reported in the 0300 COT sounding show that a fairly substantial reduction in
ozone levels from those observed in the July 16 1800 COT sounding had occurred. By the 1200 COT
sounding on July 17, ozone concentrations had declined even further. It may be that these low ozone levels
were due to scavenging of ozone by the storm system that moved through the area the morning of July 17.
However, by 1500 COT ozone concentrations below 800 m msl had increased to nearly 110 ppb; by 1800
COT ozone concentrations had risen to as high as 120 to 130 ppb. The shape of the 1500 COT and 1800
COT ozone profUes, combined with the southwesterly to westerly wind profUes observed at ZIS and ZIO
after 1200 COT, suggest that these ozone levels were caused by transport of ozone produced the same day in
the urban areas to the southwest and west. Investigations of this episode are continuing.
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TABLE 1. Locations of upper air sites and equipment used during the 1991 Lake Michigan ozone study

Site Name Site ID Latitude Longitude Elevation (m) Instrumentation

Grafton GRF 43.34 87.92 236 Radian/STI LAP-3OOQ & RASS
Slinger SLI 43.32 88.22 311 Radian/STI LAP-3OOQ
Zion Shoreline ZIS 42.45 87.SO 188 Radian/STI LAP-3OOQ & RASS
Zion 5-Mile ZSM 42.45 87.90 209 Radian/STI LAP-3OOQ
Gary GAR 41.62 87.42 ISO Radian/STI LAP-3OOQ
Benton Harbor Airport BHA 42.13 86.43 190 Radian/STI LAP-3OOQ
Benton Harbor East BHE 42.07 86.36 21J7 Radian/STI LAP-3OOQ
Northwest Rockford ROe 42.46 89.11 225 VIZ W-9000
Zion 2-Mile ZIO 42.48 87.84 204 VIZ W-9000
Kankakee KAN 41.07 87.85 188 VIZ W-9000
Muskegon MUS 43.17 86.24 191 VIZ W-9000
North Lake Boat Bl\TL 43.30 87.80 177 VIZ W-9000
Mid-Lake Boat BML 42.47 87.00 177 VIZ W-9000
South Lake Boat BSL 42.50 87.70 177 VIZ W-9000

TABLE 2. Specifications for the LAP-3OOQ radar profllers and RASS
deployed for the 1991 Lake Michigan ozone study

Winds Tv

92-87.07

Averaging Interval
Minimum Altitude
Maximum Altitude
Vertical Resolution
Accuracy

Wind Speed
Wind Direction

15

3-60 min
150-200 magi
1-5 km agl
100 & 400 m

1 m/s
10°

1-10 min
100 m agl
800-1200 magi
60 & 100 m
l°e



TABLE 3. Instrument specifications for the VIZ W-9000 sounding system and Science
Pump, Inc. ozonesonde used during the 1991 Lake Michigan ozone study

92-87.07

Parameter

RADIOSONDE

ModeJ
Frequency
Pressure or 0 3

Range
Accuracy
Resolution
Sampling Rate

Temperature
Range
Accuracy
Resolution
Sampling Rate

Relative Humidity
Range
Accuracy
Resolution
Sampling Rate

WINDS

VIZ W-9000

Mark II
403 MHz

1080 to 3 mb
0.5 mb
O.lmb
1.2 sec

_90oe to +60oe
0.2°e
O.l°e
1.2 sec

5% to 100%
2.0%
1.0%
1.2 sec

Ozonesonde

ModellA
N/A

Unknown
5%-10%'
1 ppb
1.2 sec

_90oe to +60oe
0.2°e
O.I°e
1.2 sec

N/A
N/A
N/A
N/A

Position
Model
Wind Speed

Range
Accuracy
Resolution
Averaging Interval

Wind Direction
Range
Accuracy
Resolution
Averaging Interval

N/ A Not applicable

LORAN-e N/A
W·9000 N/A

min. 0.5 m/s N/A
0.5 m/s N/A
0.1 m/s N/A
15 sec N/A

1° to 360° N/A
Unknown N/A
1° N/A
15 sec N/A
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TABLE 4. Summary of data recovery rates for the rawinsonde network during the
1991 Lake Michigan ozone study based on number of scheduled soundings
versus number of soundings actually performed

June 25-28, 1991 July 16-18. 1991 Total
Site ID Scheduled Actual % Scheduled Actual % Scheduled Actual %

ZIO 30 30 100 22 22 100 52 52 100
KAN 30 30 100 22 22 100 52 52 100
ROC 30 30 100 22 22 100 52 52 100
MUS 30 30 100 22 22 100 52 52 100
BNL 30 13 43 22 20 91 33 52 63
BML 30 20 67 22 22 100 52 42 81
BSL 30 29 97 22 21 95 52 50 96

Total 210 182 87 154 151 98 364 333 91

BML03 15 9 60 11 11 100 26 20 77
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TABLES. Results of audit comparisons between lAP-3000 radar profiler and AV

Doppler sodar wind data

Wind Speed
Profiler All. No. or Avg. Dirr. nns Dirr. Max. Difr.

Site ma I Obs.

Mode: 100m
GRF 123 2 3.9 ~.5 0.8 ~.6 -35.0 35.0 "'1.0

22S 6 4.6 0.6 0.8 1.8 -9.0 19.0 28.0
326 7 4.6 0.4 0.8 1.3 -14.0 23.0 -48.0
427 1 4.0 0.7 1.0 1.9 -36.0 41.0 -69.0
529 4 3.0 0.1 0.1 0.1 8.0 8.0 8.0

SLI 123 5 5.1 ~.8 1.2 -2.0 -24.0 25.0 -31.0
225 16 8.8 0.2 2.3 -5.3 -1.0 7.0 16.0
326 8 6.1 -1.5 2.6 -6.3 -6.0 8.0 -12.0
427 6 6.4 -1.8 2.6 -5.3 -9.0 13.0 -17.0

ZIS 225 14 4.0 ~.6 1.3 -2.5 2.0 12.0 34.0

326 12 5.5 0.4 1.3 -2.6 -5.0 10.0 -19.0
427 11 6.3 1.0 1.7 3.1 -3.0 8.0 -15.0
529 1 8.7 2.7 2.7 2.7 -3.0 3.0 -3.0

ZI5 210 5 5.8 1.5 1.9 3.2 14.0 21.0 27.0
311 8 5.1 0.4 0.8 1.7 6.0 12.0 26.0
413 8 5.5 0.3 0.5 0.8 16.0 20.0 37.0
514 3 7.7 1.1 1.2 1.4 9.0 12.0 17.0
616 2 8.0 1.3 1.3 1.6 9.0 10.0 14.0

GAR 254 10 10.9 0.4 1.2 1.9 -1.0 3.9 -7.0
355 3 lOS 0.9 1.7 2.3 -3.0 3.6 -6.0
456 3 8.2 OS 0.9 1.3 ....0 7.3 -12.0

BHA 152 8 4.5 ~.8 1.2 -2.3 -11.0 13.7 -24.0
254 10 5.0 0.3 0.9 1.6 -11.0 12.0 -17.0
355 10 5.1 0.0 1.1 2.1 -6.0 9.7 -16.0
456 8 5.2 0.2 0.8 1.2 -8.0 10.0 -14.0
558 1 4.3 0.7 0.7 0.7 -17.0 17.0 -17.0

BHE 152 9 7.4 1.1 1.2 2.0 0.0 9.2 19.0

254 10 8.9 OS 0.7 1.4 2.0 6.2 15.0

355 10 9.3 OS 0.9 2.0 1.0 5.2 12.0
456 10 9.6 0.6 0.9 1.8 ....0 10.0 -30.0
558 7 10.6 1.1 1.6 3.5 -2.0 4.2 -7.0
659 4 11.9 1.4 1.4 1.7 -3.0 3.7 -6.0
761 2 12.2 2.0 2.1 2.7 -7.0 7.0 -9.0

Mode: 400 m
GRF 188 8 3.9 ~.1 0.5 0.8 -25.0 27.0 "'3.0

391 7 4.6 0.8 1.2 2.7 -22.0 31.0 -69.0
594 2 3.2 ~.3 0.7 -1.0 6.0 12.0 16.0

SLI 391 8 5.7 -2.2 3.0 -6.0 -9.0 11.0 -19.0

ZIS 390 9 5.9 0.5 1.0 2.1 ....0 6.0 -12.0

ZI5 580 4 7.9 1.8 2.0 3.1 17.0 22.0 40.0

GAR 391 4 9.3 0.4 1.0 1.8 ....0 6.6 -13.0

BHA 188 7 5.1 ~.4 0.8 -1.3 -4.0 8.2 13.0
391 10 5.2 0.2 1.1 2.2 -3.0 7.8 -15.0
594 1 4.7 1.1 1.1 1.1 -1.0 1.0 -1.0

BHE 391 9 10.3 1.4 1.7 3.0 3.0 11.0 20.0
594 6 10.9 0.4 0.7 1.1 -2.0 6.0 9.0
797 2 10.8 0.7 0.9 0.8 -8.0 8.3 -11.0
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GAR(p)

+
KAN(R)

FIGURE 1. Distribution of sites in the LMOS upper air network and location of the
2 DDP; "P" indicates a profiler site and "R" signifies a rawinsonde station.
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Figure 4. Ozone profiles recorded on the mid-lake boat from 1800 CDT
July 16, 1991 through 1800 CDT July 17, 1991.
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INTRODUCTION

DuN, !be pul r- yean,~ Klff from !be Aeroaomy I..aborlUor)' (AL) aDd WaVll Propaptioa
1Aborarory (WPL) of !be Nalioul o.:-uc aDd AtmoIIpberic~'I (NOAA) IlDv~ta1 R.-da
I..aboniori_ (ERL) bavi "-a "'e1opiD, a -n, portable, PC-buod Doppler radar profiJor for -.uriD& c....
air wiDda iD!be Ioww lnlpOtpbotol,2.3, Opontiq lIalnqulaley of915 MHz, dIia profilw__ radial wiIId
COmpoDllDlI u a fuDctioa of a1tibAdo.,a three-uiIlDlcDa coafipnlioa. ODe IDlcDa it aimed \WtiaIIJy to
~v~c:aJ velociliea, whi10 !be ocJw two IDlcDaI, whieh are oriIalAld II ripllD,. to oacII ocJw, are
aimed II approtimlloly 15 dear- frolll!be _Ill to _ ortJloIoaaI radial velocily COJDPODlllII. FrollllJ.o
Ibr-. radial ve1ociti_, !IorizlDIltal wiDda (apood ud cfu.:tioa) u a fuao::tiOll of a1tibAdo .,. COIIlpUlAld. The
priDcipl_ of openlioa of !be 915 MHz profiJer .,. aimi1ar to IboIo of !be deep~c profilen operatiD,lI
SO MHz or 404 MHz". The radar lipal it acII10nllI by iDholllOa-itiea iD !be iDda of refraelioa iD !be c:leu
~, aDd kllDe of dIia -IY ~ ICIIland t.ck to !be IIIlcDa. By detclmiDiD,\be Doppler wft of !be
re«umod aipal. Ibo velocily COJDPODlllI a1oa, !be WI of oacIIlIIllmDa CIII be c:aJeu1IIod, from wbieh Ibe
boriztlIltal w\Dd apooda aDd dinctioaa .,. COIIIplIIed. With appropriIIe alJOritm. to \IICClRmI for fall veIoeitiaa.
wiDda aloft .... a1kl c:aJeWalAld duriII, precipilatiD, c:oacIitioaa.

The c:umml doailll of !be 915 MHz profiJor alIowa IIIIIpJiD, of !be wiDda u a fuao::tioa of a1tilllde to
bci,hta of lIDO to fOW' kill .,1, depencfuJ, oa alJl:Qpheric c:oacIitioaa. The 10WIlIt altilUdo II which wiDda CIII be
~ it approUmalely 60 to 100 III, aDd !be vortic:aJ remlutioa ia a1kl60 to 100 III, clel-diD, of bow !be
ndat i. confiprod to oporaIe. ThUi. lhil Wtnameol i. "ipod to _ wiDda aloft wilbiD and above \be
pllllollC&ry bouDdary layer (PBL). aDd baa "-a Dick-tWDOCl!be "bouDdaIy layer profilu" (BLP). Typic:aJly, \be
BLP iI confiprod \0 provide bourIy-avera,ed w\Dd profilea oa a _tiDlIOUI buiI (dII& Deeded to c:aJculatc wiDdI
with fiDor IoalpOraI r.olulioa, IlIoCh u 2- to 5-JDiDule .vera.... .,. a1klaVllilable).

All impor\aDt applicalioa for Ibo bouDdary layer profil.. ia Ibo rIlIIIiM, _tiDUOUa coI1el:tioIl of dII& \bat
CIII be uaod to ovallllle traDIpOrt reJimoa for air qua1i1y llUdiea. Neff ot aI.' report oa bow lJ.o profilen bave
llollea uaod iD lIOYoraI neeDl Iir qualily llUdiea CODduclAld iD colllplcx Ierraia "v~lI. ODe of lJ.o atudiea
wu the SaIl River ProjOCI'. (SV) Navljo OmeratiD, Slatioa (NOS) WiDler Vilibilily Study, where Ibree
profiJen -. operated ill DOI1hcm AriZDDa duriD, the period IlDuaty 10, 1990 to March. 31 1990. Data from
theae profiJen aDd other DaIUJ1:IllCIlI Iyllellll were uaod to aDa1yz.e IrIDIpOrt relimel withiD aDd above the
colllplex topoJRPby of \be atudy IRa. The JIUI1ll* of dIia peper ~ to elp1aiD how Ibe profilen _re operalAld
duriD, the lltUdy. to cleacribe kllDe of \be way. ill which \be profilu data bave "-a uaod iD !be aDa1y_ of the
traIlIpOrt of omillaDli from NOS, aDd to allow 10_ of the effocta of the Ierraia of the Orud Canyoa re.ioa oa
local ttoww IbII were revealed by \be plOfiler clata.

mE 1990 NOS WINTER VISIBlUTY STUDY AND OPERATION OP THE RADAR PROFIl.ERS

The objoclivea aDd cleaiJII of Ibe 1990 NOS WiD... ViaibiJily SCudy ... cleacribocl iD cleWl by Riebardl ot
al.'·'. Brietty, Ibo objoclive of Ibe lltUdy _ to cIeCenDiDe Ibo _lributioa of emillaDlI frolll NOS (oapoeiaJly
S02 , which may !beD be olidizod to S04 I«QI()I) 10 viaibilily~ IlIbe OrUld Canyoa cIuriD,!be wiater
aDd 10__!he improv_1 iD~ viaibiJily that would 0CCIIr if S02 amiaaioaa frolll NOS _
reduced. The OIpui_t iDcluded • Dumber of IIIOIoOlOloaic:aI _1I1b11 __ doaipod to IIIOlIitor wiDd
aDd llabilily CODdiIiODl iD Ibe major IopOlflIIIhic c:.haIIDell of Ibe atudy area aDd \0 IUpport aDa1y_ of the
DllllChaDiIllll reapooaihl~ for lr'aIlIportiD, NOS emillaDlI thrwp \be reJiOllI. FiJln I aboWI l1Ieloealioaa of !be
mot.oorolorical IIIOlIitoriD. Ii.. wilhill \be atudy IRa. No«o IbII iD additioa to Ibe profilen. upper air clata __
coUoclAld iDlormitlaltly by nwiDaoado,~, aDd Ainoado 1OWIdiD, .yllellllll ai.hl Ii.. ud
coatiDlIOUIly by Doppler IOcIan II fOW' 1Ia1i0Dl. ID addiliOll, a Detwork of fifteen aurfaee IIaliODI meuured
wiDda. 1IlmpenIutee. lIIOiltUro. aDd oIber parameIen coatiDlIOUIly duriD. the field lbIdy.

A IUiIo of .me. aDd aloft cbemiaIry aDd vilibilily_II__ a1kl coUoclAld duriDa the
ibid""" All importaDt COIIIpODaII of !be atudy _Ibe reI_ ofperfluoroearboa~ _tiDuouaIy from !be
a&acb of Ibe NOS. Pour diff_llr-. __ uaod, lIDO eae1I clay dllriq • four clay c)'cl~. II wbieh ti_ the
cycle wouldbe~. The IrK« beiD, tlIIIilled _ ehaDpd 111100 MST oacII clay. The aJDOUD\ oftncer
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releued _ proportioaal 10 the nte of reI_ of S~; !be ratio of"-~~wu IIIOIliIored coatill\lOlllly.
OrOUDd-Ieyei IrK« <:oD<*ItratiOlll were .-mpled by a DeCWOIt of...,r- IIAtiou OIl a claiJy buia (four-Dour
mlepted ampl..); aloft ~tratiOlll were lampled mlermi_t1y by~ aircrd. duriAa mt.Wyo
operatioaal perioda (lOP,). whicb were called bued OIl wstber aDd polllllaDtf~.

The Ihne radar profilen were localed II Pap (PO"'). _ dieN~a-m., SlaIiOIl; II Cedar
Rid,. (CDR), a101l' the Marille CaDyOll plaiD; aDd II PbaDIoIII RaDcb (PTN) II the bottom of the Oraad CaDyoo.
Tho P.,e aile _ choeal becaua coatillUOWl wi.Dd~II __ Deedod fIVe' die raDP of a1lllUdee II which
the NOS plume would be fOUDd; theae data would be ued 10 IIIOIlitor the ltUlIpoIt of fnlIb emillallta froIII NOS
with.i.D the Lalte Powell bum. The Pap data were abo Deeded 10 cIoc::uDaI the evolutiOll of tenaiD-forced
-..caIe circulat.iODl that bad beea obaerved previouaJy m the LaIte Powell buiD'. or apeciaJ m- wu the
p<*ibility that tbeae cimllatioa.t miabt form m the lower put of !be houadary Jay. aDd that !be wiIIda ill dIU
layer mi,bl be do-<:oupled from the wiIIda II ph&II»<:anym. a1tilUdea. III d&.i, w_I, -ullallll miud i1110 the
lower PBL mi.bl be tzu.ported by fIOWI that were lmItedly diff_t thaD lbo. III plume _,bll. Cedar Ridp
wu cboeaJ u a profiler aile 10 tbat nOWI a101l1the Marille CaDyoo plaia~ Paae aDd the Oraad CaDyoo
could be 1IIOIli1ored. CoatillUOWl data m aDd above \be houadary lay. were deared III dIU lite m put 10 eumiDe
the effacll of the Kaibab Plateau 011 the eYolullOll of the wilIda aIOIlIdIU major IopoJnpbic chumeI (e.•. ,
deYelOPD*lt of diW'llll aJope aod Yalley circulatioDa. IerftiII chaaDeIiD. of wilIda, *.). n. ~babPJaa.u nau
approximately DOf1h~l1beut 10 aouth-aouth_ "OIl' the weatenI edp of Marble CaDyoo. The third profilei'
wu plac<d II Pbaalom RaDcb m the finI~ aIIemp( 10 routiIIeJy IDOIIitor the wi.Dd fieIda Ibrou,b \be run
depth of !be Graad CaDyoo itaeJf.

Data CollectiOll

Soooma Taclmolo,y 1IIc. (S1l) acted u the oyerall c:oordillIIor of \be meteoroJaical colllpODlDl of the
field It\Idy aad ...... specifically nIpoIlaible for operatiOll of the .mc. IlZld rawiDaOllde DetWort deployed for the
lII&dy. The three profiler ti... were deployed IlZld maiDtaiaed by lUff froIII NOMlERUWPL. The Paae aDd
Pbaalolll Raacb .i... were opentioaal by laauuy 10. 1990. The Cedar Ridaelite became opentioaal OIllaauuy
12. 1990. The data from NiCb lile were collected by WPL Ilaff 011 a repla1 buia aDd nbIIDed to WPL for
additioaal prll<:aIm,. 0perati0Dl were dilCOlltillued II PbaDIoIII RaDcb after Muda 19, 1990. The Pap aDd
Cedar Rid,e profilen COIltiaued 10 operate Ibrou,b the llIld of the llUdy 011 Muda 31,1990.

Ucb profiler wu coatrolled by a PC-bued penoaaI compuler. Data collectiOll iavolved tnrIImittia,a
radar .ianaJ with • specific pulae leo&lb from NiCh aateana aod thea "1dleDi.D," for the back_1erod lianaJ II
dilCrele iaterval., or raD,e ,.Ita. Tho puJae leo&lb aod lillaLia. ialetVaI delermiDed the umplia. volume, the
altitude of each ,ale, aod the maximum altitude 10 which valid data could bo collected. The profilen were rua ill
two modea for the NOS ltIldy. III the lint 1IIOde, the puJae I_&lb _ ... 10 100 m, which ,ave a vertical
rt*>IUliOllIlZld IIIIIplia. volume of lOll m. The -mrwm ..illUde obtaiDed iD IhiI ao-caUed "low mode" _
typically 1000 m .,110 lSOD m.,1. The aecood mode ued • 400 m puJae "&lb, which allowed data to bo
obCaiDed 10 hi,.... a1ti~ a1thou,h the averqia, volume _Iarp (i.o., 400 m). WiDd data m dIU ao-caUed
"hi,b mode" were computed with. 100 m vWcal rt*>lutiOll byovertappial \be NG&nIlipal froIII~
_p,_. Ia thi. way, data were obtaiDed to u hi,h u 4000 m .,1 UDder aood ooadiliOlla..n. radar
IUtomatically cycled botwem U- two modeI.1IDlIiliD1 for approsimalely 30 aecooda iD~ mode for each of
the Ihroe Ullelulu.

Software rwmial OD the tomput.er cIeWmiAed the finI _t, or peak lip, of the apecU\IIIl of the
retutDed lipal for each -ae ,lie ia each of the two model. Prom U- _II, the Doppler lhift aod thea
the radial velocity tompooeol.t _no calculated for NiCh Illi, (aateana) of the radar. The lipal from each aateana
wu .vera,ed for 30 • 10 60 , before the 1DOD*ll.t were caleu1ated. The data acquititiOll .yl\elD aIoI'IId the
1DO~l.t aD the PC'. hard diak ia MS-DOS biliary fiI... TIIc:rw data were routiIIeJy backed-up to floppy
diakeuea by field leChniciUll for later proceuiD, u required. Prom U- 30 • 10 60 a avorap:1 _II. the
hourly aY_,ed wi.Dd ..-.. aod ditectiouwere corapuled for each 1IIOde. The howfy-ilvorap:1 data were IIorod
u ASCII teXl iii.. 011 the PC', hard diak aod backed-up 01110 floppy dia1teua. The data aIao were priDted 011 a
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dol matrix priDlu .. the aile u Aft edd.itiOD&l precaulioaary t.ck-up UId for review by the IeCha.iciaDI wben they
viJiled the field lilel 10 clleck the IIaI\II of the profilen.

QuaJicy CoaIrOJ

The daJa acquilitiOIl IOftware tbaJ _trolled the opetlIliOll of the prolilen a110 perlOl'llled prelimilllry
quaJicy COIItrol acreciae of the daJa before fiDaJ bourIy-everqed wiDda __ compuled. CoIIIeDIua Iv-ama of
.the wiDda wu buod 011 obtainina I .-r-.pecified DIIIIlbec of valid IpOClIIII mo..-ta for -eh of the three
AftleDll.u. The IOftware ltIacbed prelimilllry quaJicy COIIIrOI fila' 10 -eh lei of wiDd cIaJa. clef-diD. 011 !be
Dumber of apec;1IaI DlODlalIa \lied iD the wiDd compulllioo.

Pu.rtber ptoeelliD. wu performed 011 the daJa Ifter they were retul'DelIlo WPL. whicb iDcluded daJa
edilia. UId qualicy COIIlrOllC.-iD. by IOftware developed by ERL .-reb Ilafflo. lI • Tbe.e IOftware .-u,eI
cbecked the apatiallDd lempOnJ COGIillalcy of the wiDd daJa 10 icleDtify pouibl. outlien or other problemll with
the wiDd ~atioaa. III additiOll 10 reviewiD. the wiDd obMrvatioaa Ibom.eIv... the IOftware ICreeaiD. \lied
qualicy COIllrOl puamecen. which were .-ra&ed by the dara acquiaitiOlll)'1Iem .. the ti_ the daJa __
collecled, 10 ideality pouibl. erron iD the daJa (•.•.• IIipaJ-Io-Doi. ntioI u I 1imcti0ll of a1tilllde for e.ch
Aft_l. 0Dc.l the IOftware acreciae ..... compIoled, IIRiDed IDdeorolop who ..... hmiliu with profiler
priDciplll UId operatiOOI revi~ the daJa. WheII hi. review ..... compleled, the profiler obIervaJiooa were
rcleued u Level I validaJed data. Eacb dara poiDl iDcluded I qualily COIIIrOI fie, thai idenlified the data poiDl u
valid, iDvalid, or miuiD.. If I data poiDl wu fla.1ed u iDvalid, lbe flea a110 iDdicaled !be c.uae of the problem
(e.e., inlufficieollt Dumber of IpeCtnJ DlOIIIa1I1 to calculate I valid boIIf\y'lveraJed wiDd).

USES OF PROFILER DATA FOR ANALYZINO THE TRANSPORT OF EMISSIONS FROM NOS

TIle daJa collecled by the radar profilera were \lied 10 IUpport I Illllllbec of iDveatiallioal iDlo the
IIleUIOrOloeicalp~ affeclia, the trIDIport of emiuiOlll from NOS. ODe objective of theae uWy_ wu lbe
Deed to idelllity perioda v.11al emil!allll from NOS may have~p~1 .. the Oraod CaDYOll Md 10 ellp1aiD the
~banilDll re.pooaible for lbeir trIDIport 10 the CanyOll. AD importaDt iuue addreIIed by theae IIII.ly_ was !be
ideauficatioa of COIIditioaa wbClllthe trmaport reci- were drivClll priDcipally by the l)'DOptic1C&l. pfUlUfe
rndJ..,1I acrou lbe reeioa Vlf'lUl CODdiliODl wballllelOlC&1. circulatioaa may hav. formed iD I'DIpOIIle 10 \enaiD.
iDduced flow•.

Couphn. IDd Do-<:oupliDe of Air FloWl in the Sludy Area

Firwe 2 lboWllWalty·four boun ofwiDd data~ by lbe Pice radar profiler on ll11lW')' 17, 1990.
n- f'IIU1l1 are an eumple of COIIditiODl wbeo the wiDda .. plume-carryiDe a1tituclea (typically 600 10 800 m .,1)
were drivCll by lbe .yooptic-lC&le preuure e.-diall, whicb iD thi. caK ..... auoci.led with I cloaed low preuure
.yatem thai beean moviDe into lbe .ludy area 00 the 17lb. WiDda tbroup the depth of the bouadaty layer were
reuoaably well coupled with the f10wl .. hieber a1tilllclal iD the -'y momiD. boun of JIIIIW')' 17, 1990. TIlere is
Iiltle evidCllce of \enaiD·iIlduced flowa in \bile daJa. At the _ ti_, theae -wta a1ao allow bow dyaamically
UId quickly trmaport CODditiOOI C8II chaDee iD DOrtberD Ari-. dwiDe the wiDl«. Prior 10 1000 MST. the winds
were aoutborly to aoulb-my from the lUrface lbroup the depIb of the PBL, ia respoaa 10 the cycloaic
circulstioa Il'OUIld the low tbaJ WU atiU aoulbweat of Pap. However. u the low 8flIlf'l*=hed Pap, wiDda in the
fin! f_ bllDl1red molen of the bouodary layer lIICIdeDIy bellll blckiDllo eutuly .. 1000 MST wbile the winds II
plume beiebl wwe llilJ aoutberly. Emi..ioey from NOS milled ialo the lower parta oftbe bouDdary layer were
beiDe ttaaaported 10 the _, evCll wbile the iIIaiD plume wu atilJ beiae IraDaported 10 lbe Dorth. By approllimately
1600 MST, tbe wiDda aloft were eutuly throu.boul the depIb of the PBL u the cloaed low moved inlo the aludy
IRII, UId the emil!allla from NGS were beine carried 10 the ......

AD u&mple of d6-<:0upled COIIdiliOlll induced by Ibe COmpJel terraiD of the aludy area occurred OD
JIflIW)' 21 UId 22. A ridle of hi.b p.-re bad built over DOrtberD Ariz.oaa foIlowiDl the flUMe. of the low
p.-re .yllem. IICCOmpuUed by I lIroDe inveniOll UId lUbaidiDl dry air over the aludy area. _Iropic uWy_
~ perlormed 10 iavllli,lle thi••v..,1 in detail becsuae il wu I period wben emil!allll from NOS reached the
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Grud CuYOll. Pipre 3 il Ul iMltropic m.-.cti0ll~ BWlfroI BuiD UId AJh Port .a 1600 MST 011
JulIAI}' 21. 1990. Levell of COQIlaDt poe.entiallaDperatw'e (iMltropoa) wwe compu&ed from rawiuoDde ud
AinoDde _to perlortDed II Bullfrol BuiD (BUL), o.aaliDa Rope (DNO), Paae (POA), Cedar Ridp (CDR),
Pbutom IlaDc.b (PTN), 1\aaayUl (TUS) UId AJh Fort (ASH). ,",-Ievcla are plotled iD Pipre 3 .. I fi.lDctioo
of altitude, alooa with the v«ticaJ wind prolilea from the three radar plOlilcn (POA. CDR, PTN) aDd the from
the rawinaoDde aoundinal at BUL, TUS UId ASH. The wind data rqx>tled II DUlaliDa Rope were collected by
Doppler 1Odar. The daahed !iDea are iaoplelba of COQIlaDt relative bumidity. The IOlid dart !iDe plotled iD the
fipre rep_to the altitude of the IelniD alOIlI the path of the Cft*_tioo. The &tar above PIa' teprelellto the
eatimated altilUde of the plWllll from NOS, hued OIl the Brilll12 plWllll riae &lJOrilb.m.

..... 1boWD iD Pipre 3, the IImoIpbere iDaide the UP Powell buiD (BUL, DNG, POA) wu moderately
atable. The bue of the aubaidcGco iDveniOll wu 1ocalod II approximately !be altilUde of !be biabelt lerr&iD aIOGI
the path of the CJ'OII-.ectiOD. At Ibia~. the iDveniOll utawled from approximalely 2200 m mal to 2700 ID l1li1.
WiDda in aDd above the iDveraiOD were l-.uy _Iy, circuJatiDa iD I clockwiae (aaticycloaic)_1IOUDd
the CClIIrer of the biahp~ Iyllem. Below the inveniOCl, bowever, wiDda ream- iDaicle the UP Powell
buin, Muble CuYOD plain, Uld the Orud CuYOD were de-coupled from the _Iy fIowa aloft. III the \ower
puu of the PBL above Pa,., the winda were~y, towuda the Orud CuyOli. The wiDda at Cedar Ridle
below the top of the Kaibab PllleaU were DOr1herly, probably due to cbazmclinl of air fiowa a10Da th. f_ of the
Plateau. 1be wincla DCAt the rim of the O,."d Canyoa above Pbutom IlaDc.b were coupled with the .yooptic-teale
fiowa&loft, but II lower a1titud",lbete wu Illyer of_ly, up-Caayoa wiDda near the bottom of the Canyon
aad lOutherly wincla II mid·level•.

FifUll 4 Ibow. the ileDtropic aaalYlil lWeIve boun later II 0400 MST OIl laaUU)' 22. 1990. The
iDversion had deacalded into the Lake Powell buiD. aclOU the Muble CanyOll plain, IDd the iDto the GtIDd
Canyoo il8elf. Winda in the me atmo-pbere above the iDveniOll were r-ally aoutherly. but wiDda wide the
ternin were mattedly dlHlOUpled from thee lyDOpIic-cal. t1owa. The Paae proliler and DaalliDl Rope IOdar
both showed 10....·level _Ii", in tbe Lake Powell buin. WiDda iD tbe Grand Cuyoo were IIOW dowa-Caayoo.
The implicllioD of theae featu,.... on the It'ID&pOrt of NOS emittaDlI i. diacua&ed iD tbe lIClot leClioo.

Trat15JlOrt of NOS Emi..iODS Estimated from Profiler Dati

One of the techniques uaed to aaalyr.e the lrLllIpOrt of emilSiOlll from NOS wu to calculate air ptreel
tnjectories llIrtina at Palle for each hour of \be study period at Kven! a1litude. wbere emiltaDli were elpected to
be Pre&cllt. TheIle tnjeclOrie.s were computed from objectively aaalyud. _~i5leDIwiDd fie/cia that were
th~mselvel calculated for each hour of \be ltudy period from JIDUU)' 10,1990 lhrouah Marcb 31,1990. The
wind fielcla were computed usinll a psir of kinemllic wind field model. developed II the Califol1lia lDJIilUte of
TechooloiY by Goodin, et aI. 13 and later modified by th. California Air ReaoutceJ Board. A twcHIj_ioaaJ
model calculated lridded aurfau wiDda by iDterpollliDlthe boutIy..veraJed data collected by the aecwort of
ourface IlItiODl shown in Fiaure I. Aloft wind fielcla were calculated by a~i_ioul model, utiDlthe
oulpul of the surfau model aDd tbe boutIy••veraaed profiler and aodat wiDd dati and wiDd obaerv.tiona from th.
ra....1J1j()Dde _U, which were collected either two or four ti_ per day, dependiD, on wbeth.r or DOlaa lOP
WII underw.y. The ~m-.iOllllmodel fint calculated iDlerpOlated wind fie/cia II uaer-epecified altitudes
and thoa &djuated th_ wind fielcla to obtain mau baI_ by applicatioa of tho iDcomprwaible form of the
cootinuityeqllatioll. Miuina data were interpolated 1iMas'ly iD time in both the aurf_1Dd upper air model.; a
cubic polynomial w.. uaed to interpollte miuiDa dati iD the vertical iD the upper air model. Lilldaey et al.­
diacUA the wiDd field Uld tnjectory modeJina iD more detail.

Prom the wind field aaalyses. forward lrajectoriet of air ptreel. IlIniD, each hour above PIle were
calcullted for 300 mall. 600 m a,l. and 750 m aal to aimulate the tnaapon of emitllDti from NOS al typical
plume carryina a1titude.s. From the trajectory aaaly_. atreak lin.. were lbeD prepared to rep_t the
·ce.arerJine· of the NOS plume II each hour of \be .tudy from JIDUU)' 10 al 0000 MST to Mln:b 31112300 MST.
(In the llriCleat aense, • streak line detinet the liDe at a plrticular momeal iD time COlIIlectinll all air ptreel. that
have passed I livell ItOOmetric poiDt, iD Ibi. cae 300 m aal, 600 mIll, IDd 7S0 m aal above P'ae.) The reaulli of
lbe&e streak lin". ....ere displayed ill a computer aaimatiOll. &10011 with tracer ...d SOl dati collected by a D_ork of
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...me. oampliD, 1lati0lll ill tbo lCudy ..... The _1IId~ claIa _1'IPOI1Od u four-llour illle~
MIIIpI•.

Fipre 5 ohowa~ rr- of !be aa.imali0ll, valid III 2200 MST J&Iluary 21.1990. mid_y '*- tbc
two iMmuopic ~tiOll&~ ill Fiprea :3 IIId 4. Tbe ItrW w- lite rep_cod by circl.. whole
di.amooLer it proportioaal 10 twice the iIl\elftled cl.ialar>4:e ll'avelled by the Injectori.. Ibal IIDderlie the .reak 1iIIea.
Specifically, !be diamI:Ur of eKb circle it Jiv. by:

Dw-er - 2)(0··

wbere X it the CWDU1ative dill&llCe Il'aveJed from Pap14. 11lia very limple JIU'&IIlllIeI'ioa il DOt deliped 10

aMIclI ID be • ~laIioa of plume diJpenioa u il ie ID be • IIIIIeIIIOIlic for !be '.,e' of !be limuleled lir
JlII"*. Tbe trw:« IIId S01 claIa are rep_cod by the '- JfIIlba IbowD ill tbo fipre. Forty1i,bl boun of
bourly-iDlepled aepbdOmeler 1'eIdia,. IIId bourly..venaed reIati.,e bumidity deta from Hopi PoilIt, c:eolered 011
l200 MST, are IbowD ill the 'I!rip cIwt" diepley ill the lower ripl co,., of tbc fi,..re.

N IbowD by !be tracer IIId S02 claIa. emil1&llle from NOS were p..-l both III Fredonie, due wat of
Pete. IIId eloa, !be Muble Ceayoa plai.D ID tbc IOlIthweit of P.,e. The 600 m .,1 Ilreak lino indicalellbal the
II&IlIpOrt 10 the __ due ID !be ..terly 11-. fJom tbc LeIte Powell buill below !be hue of the ilIvoflioa.

~ ....-.led by !be 300 m .,1 etreat liDo lIo_er, tbc tnaeport ID !be 1OUIh_ 11011' tho Muble CeaYOD plai.D
IppllafIID have oc:aarred III lower eltilUdea, below !be lop of tbc tenaiD. Tbe profiler dele p_ted in the
i..uopic crou__tiODl in Piprea :3 IIId 4 Ibowed _Iy tnaeport above P... III tbc eltitude of tbc BriAI
plume ri. eatimaIe. bullllO t'eVwed DOI1heulerIy winds III lower eltilUdea UlCI cIlIlImelin, of tbc windI a1oo, the
Muble CeaYOll plai.D below the lop of the Kaibab Plelelu. The wind field IIIId InjeclDry UIIIy_. which \lied
tJ-e ot-rvatiODl, Illd iDdepeDdenl _1IIId S02 deta coafirmed Ibal iDdced pert of the plume fJom NOS wu
blocked by tbc hi,b terrIiII welt of Pa,e IIIId diverted a1oo,the Marble Ceayoo towarda the Clraad Ceayoo. while
portiODI of !be plume III hi,ber a1titudel were lraDspOrted 'My fJom the GrIIIId CeaYOll. watwardl tbrou,b the
Fredooi. Pue.

The rwuJle prueoted ill Fipre 5 IIIAellllbal!be hi,b c1e.- of IetIIpOrIIllld apaIial RlIoOlutioa provided
by the ndar profileR _ helpful in icleatifyill, ccodiliODl wbaI!be tnaeport of omil1&llta from NOS waa
1l1oIl,Iy affected by the complu Iernin of the Je,iOll. Tbe ~Iivityof !be wind field Uld ll'ajeclory JDDCIeII ID
!be RIIOlutioa provided by !be profileR _ eumiDod by re-&IlaIyziD, !be dele fJom a tell day period ill J&Iluary
whcm both coupled and do-coupled ccoditiODI es.iared ill the atudy.",.. Specifically, the three-dimeaaioaal wind
fieJd Illd Il'ajeclDry COmpulaliODI were rer-ted for the period Jllluary 1.5 tbrou,b JUluary 25. bul OIIIy two
profil.. of wind deta fJom !be ndar profilera aad IOdan were uaed rather !ban the full 24 houR included in the
oririoal aaaJy_. Only claIa fJom 0400 MST Illd 1600 MST were \lied, whicb were the ..me samplille periods
\lied by !be nwillaoode Illd AinoDcIe IIetiou lID _·IOP deyl. Tbe wiDd field model uaed linear illterpoialiollio
elllimale !be obeervatiOl1lIll !be millill, boun. 0Dce!be ll'ajectori.. were ~cod. the diffef'CGI* betweeIl
!be poaitiOlUl of !be air puce" fJom Cllcb aet of Il'ajeclDriea u a furactioa of elapaed time were calculated. Theae
IelllI IIbowed Ibal iIIdeed !be mocIeI-predicted 10CIti0lll of !be air parcell were _itive ID the RlIoOlulioll of the
wind data. ~ially UDder de<oupled coaditiOlll wbCD lcrrailI-iDdU<:ed ftowa occurred. For clAmple, after 24
boun of InDapOrt, !be Iven.. differa:lCa beCweea !be predicted poaitiODl of lir parce" calculated fJom !be full­
RIIOlutioa data ael ver- the twic.daily claIa ael were SO km ID 85 km. ad exceeded ISO km iD lOme _.
UDder relatively lleady, coupled CODditioaa wbero!be UIIIIDplioa of Im.r variatiOllll ill the windt with time
miehl be more reaaooable. !be differeocel were IOmeti_ u lmall u a 10 • IS km after 24 hoUR of truaport.

SUMMARY

A _rk of thnIe bowulaty layer ndar profile,. wu deployed u pan of the meteorolo,icel moailon..,
compoalllll of the 1990 NOS Willter Vilibilily Study. nul _ ODe of tbc fint _ of this DeW ,enenlioo of
pro/ileR 10 iIIvea!i,ale meI.eorolo,icaJp~ ill • complex _ill eavifOJllPODl and how th_p~ affecl
!be um.port of air pollullllu. lbe profileR provided a relalively limple. lICCunte means 10 moailor willds aloft
oa a coatiJlUOll.l basil ill !be fint 0Il0 ID four kilometen of the almosphere. The iII.sIl\llIIelIlS are relalively lmall
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IDd Ii,bt. which make- them limple to truIplrt IDd deploy for ItudieI ada u the NOS Ww. Viaihility Study.
Dm collec:tiOll ia well-awomatod IDd quality _trol alpthllll developed by NOAAll!RL _If appear to -n:
wcII ill ideatifyill.1Dd flauma ~OIIIbledata produced by~ lIipal recepCioD or~ of iDteIfenDce
(e.•. , JI'OIIIId clUll«, aircraft, binII. e1c.).

1lIe protilen ued duria,!be SRP fiel4lt11dy rwv.Jed .1IWIIber of~ t.aun. ill the ftow fioIdI
of Ihe lowerat~ iD the re,i0ll of !be Grud CaDyOll, iDcludiq cIHoapliD. of lbe wiDda iIIlbe Ioww PBl
from the 8)'IIOplically~v ... wiDdI aloft IDd lenaiD cUueliDa of air ftowI, _. ocMn. n.hi.1I de~ of
temporal IDd Ipal:ial reooluliOll ill lbe profit. data allowed ....atively lIimpIe wiDd fiel41Dd Injectory IIIOdeIa to be
ued to locate emUaiOlll from NOS with • hip depee of_. 1lIe,.utl~ ill tbiI~ ... lIII1y •
ample of lbe iIlv-upliou that have belli performed uaiD.~ data.

SiDce lbe 1990 NGS WillI« Villibility Study, _ ~ bav.... by NOM ltalf to lbe bantware
IDd IOftware of lbe bowldaty layer profilen. N_ JI'OWld dUll«~0Ilf_ have improved data
recovery. u have CW,eI to Ihe JIOIUId c1utte1' alaorithllll ill the IOftware. A Radar Acouatic SouDdiIIa Sy_
(RASS) bu beIIIldded to the profiten to remotely _ temperature profil. iD IfIIII'OUmately lbe lint 1000
m.,1 of the atmo8phere. With tbeee IdditiOQlIDd llDCllIllill heiD. developed (e.••• pII\Ie ·cocIiDa· via pbaae
chanael, which e1iminalet Ihe IlCllld to operate ill cliffenoollDOdel to obtaiD clilf_1 verticall'llOlutiOlll), the
bouodary layer ndar profiten are aD effective tool for llUdyiDa meleOI'OloIical~ affectilla air quality iD a
variety of lIlUiDa•.
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SITE:, PACE RADAR PRorIL£R 1400~ Pul •• )
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F,gure 2 Time-beigbt crou-section of winds measured by the Page radar profller on January 17,1990; time
increases from rigblto lert in the figure; see key ror explanation of wind barb format.

10


